Background. Ependymomas account for up to 10% of childhood CNS tumors and have a high rate of tumor recurrence despite gross total resection. Recently, classification into molecular ependymoma subgroups has been established, but the mechanisms underlying the aggressiveness of certain subtypes remain widely enigmatic. The aim of this study was to dissect the clinical and biological role of telomerase reactivation, a frequent mechanism of cancer cells to evade cellular senescence, in pediatric ependymoma. Methods. We determined telomerase enzymatic activity, hTERT mRNA expression, promoter methylation, and the rs2853669 single nucleotide polymorphism located in the hTERT promoter in a well-characterized cohort of pediatric intracranial ependymomas. Results. In posterior fossa ependymoma group A (PF-EPN-A) tumors, telomerase activity varied and was significantly associated with dismal overall survival, whereas telomerase reactivation was present in all supratentorial RelA fusionpositive (ST-EPN-RELA) ependymomas. In silico analysis of methylation patterns showed that only these two subgroups harbor hypermethylated hTERT promoters suggesting telomerase reactivation via epigenetic mechanisms. Furthermore, chromosome 1q gain, a well-known negative prognostic factor, was strongly associated with telomerase reactivation in PF-EPN-A. Additional in silico analyses of gene expression data confirmed this finding and further showed enrichment of the E-twenty-six factor, Myc, and E2F target genes in 1q gained ependymomas. Additionally, 1q gained tumors showed elevated expression of ETV3, an E-twenty-six factor gene located on chromosome 1q.
Ependymomas account for 5% to 10% of all CNS malignancies in childhood. 1, 2 Maximal safe surgery and subsequent radiotherapy are the mainstays of ependymoma treatment, and risk stratification is currently based on clinical parameters such as age and extent of resection. [3] [4] [5] Despite being generally considered as standard care, the benefit of cytotoxic chemotherapy is not entirely clear, and therapeutic options for recurrent tumors remain limited. 3, 6, 7 Tumors may recur even more than a decade after the primary disease, thus requiring long-term and continuous follow-up of ependymoma patients. The rarity of this tumor type requires cooperative multicenter studies conducted over a prolonged period of time to reach sufficient patient numbers. Yet, a disparate progress in neurosurgical techniques and neuroimaging over time might lead to a stratification bias influencing interpretation of results of patients treated in different centers. A meaningful evaluation of novel biomarkers, however, requires uniform treatment and homogeneous clinical documentation, such as an immediate postoperative MRI scan, thereby limiting the sample size within ependymoma patient cohorts. 5 The World Health Organization (WHO) classification of CNS tumors distinguishes between subependymoma (SE) and myxopapillary ependymoma (MPE), both WHO grade I, as well as between classic (WHO grade II) and anaplastic ependymoma (WHO grade III). 8 However, the prognostic impact of WHO grading has been discussed controversially. 9, 10 Recently, molecular high-throughput studies revealed that ependymomas in various CNS compartments comprise different molecular subtypes showing distinct biological and clinical behavior. 11, 12 According to this molecular classification, posterior fossa (PF) ependymomas (EPN) are divided into PF group A (PF-EPN-A) and PF group B (PF-EPN-B) tumors. While PF-EPN-A tumors rather occur in young children and are characterized by aggressive behavior, PF-EPN-B tumors are more frequent in older children and adults and have a better prognosis. 3, 11 In supratentorial (ST) ependymomas, oncogenic mutually exclusive gene fusions, involving either V-rel avian reticuloendotheliosis viral oncogene homolog A (RelA) or yes-associated protein 1 (Yap1), describe 2 distinct molecular subgroups. 11, 13, 14 In contrast to Yap1 fusion-positive ependymomas (ST-EPN-YAP1), RelA fusion-positive ependymomas (ST-EPN-RELA) have been associated with a dismal prognosis. 11 Moreover, chromosome 1q gain and homozygous deletion of the CDKN2A/B locus are associated with an adverse outcome. 11, [15] [16] [17] [18] [19] [20] Furthermore, telomerase reactivation 10, [21] [22] [23] [24] [25] represents a significant predictor of poor survival and has been demonstrated to promote tumorigenicity in ependymoma xenograft models. 21 Telomerase is an enzymatic ribonucleoprotein capable of elongating shortened telomeres by adding the telomere-specific hexameric repeats (TTAGGG). The telomerase complex consists of the telomerase RNA component, which serves as a template, and the catalytic subunit termed human telomerase reverse transcriptase (hTERT). Via activation of telomerase, cancer cells circumvent cellular senescence caused by telomere shortening, thus obtaining the ability for repeated cell divisions. 26 Transcription factors (TFs) involved in the regulation of hTERT expression include E-twenty-six (Ets) factors, RelA, Myc, and E2F1. [27] [28] [29] [30] hTERT expression is additionally regulated by methylation within a cytosine-phosphate-guanine (CpG) island located in the hTERT promoter region, but the
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exact mechanisms remain unclear as promoter methylation either silences or enhances hTERT expression depending on the promoter region and tumor type. 30, 31 In pediatric brain tumors, hypermethylation of the hTERT promoter is linked to higher hTERT expression. 25 Moreover, 2 somatic mutations within the promoter leading to novel binding sites for Ets factors and enhanced hTERT expression have been described in different tumor types, including glioblastoma and medulloblastoma, but could not be detected in ependymoma. 21, 32, 33 Another Ets binding site within the hTERT promoter is disrupted by the rs2853669 single nucleotide polymorphism (SNP), which is known to influence telomerase activation in adult glioblastoma and other cancer types. 32, 34, 35 Regarding ependymoma, previous studies suggested chromosomal gain of the hTERT locus and hTERT promoter hypermethylation as molecular alterations underlying telomerase reactivation. 10, 15, 25 However, to date a comprehensive study analyzing the association of hTERT gene expression and enzymatic activity with promoter methylation patterns and chromosomal aberrations in ependymoma is not available. Hence, the aims of this study were to evaluate telomerase-associated parameters at DNA, RNA, and protein levels, to analyze their association with molecular and clinical parameters, and to explore potential mechanisms of telomerase activation.
Materials and Methods

Patient Samples and Clinical Data
Tumor tissue and clinical data were obtained from pediatric patients with intracranial ependymomas (WHO grade II or III) treated at the Medical University of Vienna between 1965 and 2015. The study was approved by the institutional review board of the Medical University of Vienna (EK190-2011). Fresh frozen tissue of 29 and formalin-fixed paraffin-embedded (FFPE) tissue of 72 primary or recurrent pediatric ependymomas were examined. For comparison, tumor material of spinal myxopapillary ependymoma (SP-MPE), spinal ependymoma (SP-EPN), PF-EPN-B, supratentorial subependymoma (ST-SE), and ST-EPN-YAP1 was also investigated. Epilepsy surgery brain and pilocytic astrocytoma were used as negative controls. Due to limited tissue availability, not all analyses could be performed for every case. A detailed description of tissue type and analyses performed is provided in Supplementary Table S1 .
Survival analyses were restricted to 22 consecutive pediatric patients with intracranial ependymomas treated since 1992 in a uniform manner, including gross total resection (GTR) as assessed by a neurosurgeon and confirmed by immediate postoperative MRI. Within this cohort, all patients received focal radiotherapy and chemotherapy. Two additional patients fulfilling these criteria were excluded from survival analyses because of death of other cause. All 22 patients received follow-up examinations, including MRI on a regular basis for early detection of tumor recurrence. For validation we used a previously published cohort (Heidelberg, n = 112, Pajtler et al 11 ) including all ependymoma subtypes.
Telomerase Activity
Telomerase activity was measured by the telomerase repeat amplifying protocol (TRAP) utilizing the TRAPeze Telomerase Detection Kit (Chemicon International) and analyzed according to the manufacturer's instructions as previously published. 36 Heat-inactivated samples of each specimen served as negative control and the glioblastoma cell line T98G (American Type Culture Collection) as positive control. Results were calculated as total product generated units. The value of negative samples was set as 0.
hTERT mRNA Expression 
hTERT Promoter Methylation Analysis by Pyrosequencing
Following DNA isolation and bisulfite conversion, the specific region was amplified as previously published 25 and analyzed on a PyroMark Q24 MDx (Qiagen). The cutoff of 10.4% for promoter hypermethylation was calculated as the mean of control samples (4.99%) plus 2.5 SD (SD = 2.17%).
hTERT Promoter Sequencing and Telomere Length Measurement
For analysis of the rs2853669 SNP and the described C250T, C229A, and C228T mutations, 32,34 the region of interest was amplified by PCR and sequenced as previously published. 32 Telomere lengths were analyzed by PCR and controlled by melting curve analysis as previously described. 36 The osteosarcoma cell line SA-OS, known to exert alternative lengthening of telomeres (ALT), was used as the reference sample. 36 
DNA Methylation Profiling by 450k Methylation Array
DNA methylation profiling was performed at the DKFZ Genomics and Proteomics Core Facility (Heidelberg, Germany) utilizing the Illumina HumanMethylation450 BeadChip array (450k array) according to the manufacturer's instructions. The resulting data were processed as previously described 37 and samples were classified into molecular subgroups (PF-EPN-A, n = 19; PF-EPN-B, n = 1; ST-EPN-RELA, n = 5; ST-EPN-YAP1, n = 1). 11 Additionally, copy number analyses were performed from 450k methylation array data using the conumee Bioconductor package. Individual aberrations, with special regard to gain of chromosome 1q, were manually assessed from each profile. 37 
Immunohistochemical Staining and Fluorescence
In situ Hybridization
Staining and evaluation of the Ki-67 proliferation index were performed as previously described. 38 Chromosome 1q gain was analyzed on FFPE sections by interphase fluorescence in situ hybridization as described previously. 20 
Analysis of Array Datasets
DNA methylation profiles and mRNA expression data were retrieved from our previously published datasets GSE65362 and GSE64415, 11 publicly available at the Gene Expression Omnibus database (http://www.ncbi.nlm.nih. gov/geo, accessed March 4, 2017).
Statistical Analyses
Overall survival (OS) was defined as the interval between diagnosis by first imaging and death. Patients alive at the last follow-up were considered censored. Progressionfree survival (PFS) was defined as the period from first diagnosis by imaging to disease progression or relapse. Statistical analyses were calculated with SPSS version 21.0 (IBM), GraphPad Prism version 5.0, and R version 3.2.3 (R Development Core Team, 2015) .
A more detailed description of the methods is available in the Supplementary material.
Results
Telomerase-Associated Parameters, hTERT Promoter Methylation, and rs2853669 SNP Status Within Ependymoma Subgroups
Telomerase activity was detected in 46% (11/24) , hTERT gene expression in 71% (17/24), and hTERT promoter hypermethylation in 80% (53/66) of all intracranial primary ependymoma samples. Subgroup analyses revealed that ST-EPN-RELA tumors were characterized by significantly higher enzymatic activity (Fig.  1A) and hTERT mRNA expression (Fig. 1B) compared with PF-EPN-A. In contrast to these 2 subgroups, pilocytic astrocytomas (n = 11), SP-MPE (n = 2), SP-EPN (n = 5), PF-EPN-B (n = 5), ST-SE (n = 3), and ST-EPN-YAP1 (n = 1) completely lacked telomerase activity and hTERT mRNA expression. The gene was not or only marginally expressed in epilepsy surgery brain (n = 3, data not shown). With respect to the different CNS compartments, hTERT promoter methylation was absent in spinal ependymomas and was significantly elevated in ST compared to PF ependymoma (Fig. 1C) . To corroborate these differences between molecular subgroups, the methylation levels of the hTERT promoter were additionally analyzed in our previously published 450k methylation array dataset of 500 ependymomas. 11 Whereas the CpG site cg10896616, located adjacent to the transcription starting point, was predominantly hypomethylated, the more distal sites cg11625005 and cg17166338 exhibited distinct methylation differences between molecular subgroups (Fig. 1D, E) . PF-EPN-A and ST-EPN-RELA were characterized by high but variable levels of methylation, whereas all other molecular ependymoma subgroups were widely hypomethylated within this promoter region. DNA sequencing showed no hTERT promoter mutations. Regarding the rs2853669 SNP, 63% (15/24) were noncarriers (TT), whereas within the carriers, 29% (7/24) harbored CT and 7% (2/24) CC alleles. No significant differences in allele distribution between the molecular ependymoma subgroups could be determined. Finally, analysis of telomere length revealed very long telomeres. Most ependymomas harbored markedly longer telomeres compared to the ALT-positive SA-OS osteosarcoma cell line (Supplementary Figure S1) .
Telomerase Predicts Clinical Outcome of Patients with PF-EPN-A
To determine the potential of telomerase-associated parameters as prognostic biomarkers, we tested the impact on survival probabilities in a cohort of 22 uniformly treated, closely monitored, and molecularly confirmed ependymoma cases. Fig. 2 provides an overview of clinical patient characteristics, outcome, and molecular parameters. No significant impact of sex, age, molecular subgroup, or tumor grade on OS and PFS was found in univariate analysis (Supplementary  Table S2 ). Table 1 depicts 5-year and Supplementary  Table S3 10-year survival analyses. Telomerase activity predicted both a significantly worse OS and PFS in the entire patient cohort. In contrast, the impact of hTERT mRNA expression on survival was not significant, although none of the 5 cases negative for hTERT mRNA expression relapsed within the 10-year observation period. The 2 cases without hTERT promoter hypermethylation showed excellent OS and PFS, yet association of this parameter with survival was not significant. hTERT promoter hypermethylation was investigated in an extended patient cohort of which FFPE material was available (n = 64, median follow-up 13.4 y, 1965-2015; Supplementary Figure S2 ) but was not significantly associated with shorter OS.
As it is now accepted that molecular ependymoma subgroups represent distinct biological entities, we assessed survival probabilities separately for PF-EPN-A. Strikingly, telomerase activity was associated with a significant decrease in both OS and PFS (Fig. 3A and B,  Supplementary Table S4 ). Interestingly, cases negative for hTERT mRNA expression or promoter hypermethylation showed excellent OS and PFS; however, this effect was not significant (Fig. 3C and D, Supplementary Table S4 ).
Having determined subgroup-specific differences in telomerase reactivation and its prognostic value, we validated these findings in a previously published 11 cohort (Heidelberg, n = 112) including all ependymoma subgroups. Therefore, we divided the cases into 2 groups according to the median methylation level at the cg11625005 CpG site. In line with our previous results, the more benign ependymoma subtypes were predominantly found in the low methylation subgroup, whereas all ST-EPN-RELA (22/22) but only 71% of PF-EPN-A (27/38) harbored high promoter methylation (Supplementary  Table S5 ). Analysis across all subgroups confirmed the association of high hTERT promoter methylation and
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inferior clinical outcome (Fig. 3E and F, Supplementary  Table S4 ). Also analysis of the PF-EPN-A subgroup showed no death of disease in cases harboring low promoter methylation (Table 1, Fig. 3C Fig. 3D, Supplementary Table S4 ). 
Association Between Telomerase-Associated Parameters and Clinical and Histopathological Characteristics
Telomerase activity showed a strong correlation with both mRNA expression and promoter methylation (Supplementary Table S6 ). Furthermore, all parameters correlated with higher patient age (Supplementary Table S6) , probably related to the higher age of ST-EPN-RELA patients (Fig. 2) . Telomerase activity and hTERT mRNA expression showed an association with higher Ki-67 proliferation and anaplastic ependymoma (WHO grade III). Interestingly, gain of chromosome 1q, a well-described marker of dismal prognosis in pediatric ependymoma, 10, 17, 20 significantly correlated with telomerase activity (Supplementary Table S6 ).
Telomerase Reactivation Is Associated with Chromosome 1q Gain in PF-EPN-A
We investigated the association of 1q gain and telomerase reactivation with respect to molecular subgroups and found a strong association for PF-EPN-A (χ 2 , P = .03).
On closer inspection, both telomerase activity and hTERT mRNA expression were significantly increased in PF-EPN-A tumors with chromosome 1q gain ( Fig. 4A and  B) . Interestingly, one 1q gain-positive PF-EPN-A tumor additionally harbored a gain at the hTERT locus on chromosome 5p, but exclusion of this case did not change the level of significance (telomerase activity, P = .009; hTERT mRNA expression P = .007). To provide further evidence for the role of chromosome 1q gain in telomere stabilization, we performed gene set enrichment analysis (GSEA) in an expression dataset of 47 primary PF-EPN-A. Indeed, the curated gene set "REACTOME_TELOMERE_ MAINTENANCE" was significantly enriched in PF-EPN-A ependymomas harboring chromosome 1q gain compared with samples without 1q gain (Fig. 4C, Supplementary  Table S7 ). Representative examples of TRAP gels and copy number profiles for a PF-EPN-A tumor without and with chromosome 1q gain are shown (Fig. 4D-G) . Due to the small number of ST-EPN-RELA tumors in our series, no statistical analyses could be performed for this subgroup and no enrichment was determined by GSEA (Supplementary Figure S3, Supplementary Table S7 ). 
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Myc, E2F, and Ets Transcription Factors Are Candidate Genes for Chromosome 1q GainDriven Telomerase Activation in Ependymoma Next, we searched for differences in transcriptional activation patterns of 1q gain-positive versus -negative tumors by using GSEA within a dataset of cis-regulatory motifs in promoters and corresponding genes ("MSigDB C3: motif genesets: transcription factor targets v5" 39 ). Among the top-ranked gene sets enriched in both PF-EPN-A and ST-EPN-RELA tumors with chromosome 1q gain were TF-binding motifs related to Myc (V$MAZ_Q6), E2F (V$E2F_Q2), and Ets TFs (V$ETF_Q6) (Supplementary Table S6 ). As Ets TFs are well-known activators of hTERT expression and, hence, telomerase activity, 27 we further determined the expression of 3 Ets factors located on chromosome 1q-ie, ETV3, ELK4, and ELF3-in this dataset. Indeed, we found higher levels of ETV3 but not of the other Ets TFs in ependymomas harboring chromosome 1q gain (Fig. 5A-C) . *Survival probabilities in the uniformly treated cohort (n = 22, median follow-up 9.2 y) and the validation cohort (Heidelberg, n = 112, median followup 4.5 y). a hTERT promoter hypermethylation (pyrosequencing). b hTERT promoter methylation (450k, cg11625005). EPN-A) (G, H) . Tables of "numbers at risk" are summarized in Supplementary Table S4 . P-values (log-rank test) are indicated.
Discussion
In this study we uncovered that telomerase activity predicts dismal OS specifically in the PF-EPN-A subgroup, while telomerase-associated parameters are generally high in ST-EPN-RELA tumors. Several studies applying various detection methods have proposed telomerase as a prognostic marker for pediatric ependymoma without dissecting the association with this recently defined molecular subgroups. 10, [21] [22] [23] [24] Moreover, the prognostic quality of telomere stabilizing parameters has not yet been validated in a uniformly treated patient cohort as performed in this study.
Within the entire cohort of pediatric intracranial ependymomas, we detected telomerase activity in 46% of the cases, which was slightly lower than in previous studies ranging from 64% to 82%. 21, 23, 24 This difference might be explained by the use of the gel-based TRAP assay, which is-due to the presence of an internal control-considered to be less sensitive but more reliable than the detection method based on enzyme-linked immunosorbent assay. 40 Accordingly, hTERT mRNA expression was found in 71% of the tumors in our study in agreement with earlier reports. hTERT promoter hypermethylation was detected in 80% of cases using a cutoff of 10.4% determined by CNS tissue controls and not tissue of other organs as in previous studies. 21, 25 Frequencies of the different rs2853669 genotypes (TT, CT, and CC) were comparable to other patient populations. 32, 34 In accordance with earlier reports, our data confirm an association of telomerase reactivation with anaplastic ependymoma (WHO grade III) and a higher Ki-67 proliferation index. 22, 41 This supports a major contribution of telomerase activity to aggressiveness of ependymoma cases with biologically unfavorable characteristics.
Analysis of telomerase in ependymoma subgroups showed reactivation almost exclusively in intracranial ependymomas. All ST-EPN-RELA cases in our series harbored telomerase activation, whereas hTERT mRNA expression and telomerase activity were variable in PF-EPN-A tumors. These findings were corroborated by analysis of hTERT promoter methylation patterns by pyrosequencing in our cohort and additional in silico analyses of an independent 450k methylation dataset. Interestingly, the CpG site closest to the transcription start site (cg10896616) was hypomethylated across all ependymoma subgroups. In contrast, only the more aggressive PF-EPN-A and ST-EPN-RELA subtypes showed promoter hypermethylation in the more distal promoter region (cg11625005, cg17166338). These methylation patterns suggest a differential regulation within the CpG island resulting in an open chromatin structure close to the transcription start site and repression of TF binding in more distal parts of the hTERT promoter. 30 The fact that the 450k array-based ependymoma subgroups are reflected in the methylation pattern of this promoter region might indicate a central function of the hTERT promoter in ependymoma biology.
Very recently, the requirement of GTR and radiotherapy for successful treatment of pediatric ependymoma has been confirmed. 3, 4 To rule out a treatment-derived bias in our survival analyses, we only included patients with GTR, who received uniform radio-and chemotherapy. This was further strengthened by the availability of longterm follow-up data. Thereby, we provide a unique cohort for validation of the prognostic impact of telomeraseassociated markers on clinical outcome. Survival analyses in our series confirm the strong prognostic impact of telomerase activity on OS and PFS. 21 In contrast to previous studies, we observed no significant associations for hTERT mRNA and hTERT promoter hypermethylation albeit cases negative for these parameters showed excellent OS. 10, 21, 25 Stratification of our validation cohort according to cg11625005 methylation clearly segregated tumors with dismal OS, thus confirming the prognostic value of hTERT promoter methylation in collectives consisting of different molecular subgroups. Therefore, the significant effect observed in a previous study might be caused by a higher proportion of benign subtypes within the respective study collectives. 25 Taken together, testing telomerase activity by TRAP seems to represent the most reliable method to detect aggressive tumors with telomerase reactivation. Although fresh frozen tissue is needed for testing telomerase activity, the facts that commercial kits are available, that only small amounts of tissue are needed, and that the enzymatic activity is more stable than mRNA make it a feasible marker for routine clinical practice. 36, 40 By stratification for molecular ependymoma subgroups we uncovered for the first time that telomerase activity is a feasible biomarker to detect PF-EPN-A tumors with dismal prognosis. Furthermore, our results suggest that apart from less aggressive molecular subtypes, hTERT promoter hypomethylation might also characterize PF-EPN-A tumors with a more favorable outcome. However, these observations require validation in larger patient collectives. PF-EPN-A represents the more common and more aggressive molecular subtype in the PF localization, but about half of the patients show long-term survival. 3, 11 The importance of telomerase in recurrent ependymoma has been previously described 22 and could be further supported by our analyses (Supplementary Figure S4) . Yet, the exact mechanisms underlying telomerase-mediated tumor aggressiveness and therapy resistance in pediatric ependymoma need to be further investigated. In neuroblastoma, for example, telomerase activity has been connected to resistance against radiotherapy. 42 We have previously reported that chromosome 1q gain is an important prognostic factor for dismal outcome in PF 
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ependymomas 20 and show now an association between telomerase activity and chromosome 1q gain in PF-EPN-A tumors. On the basis of GSEA we provide additional bioinformatic evidence that expression of genes associated with telomerase maintenance is enriched in 1q-gained PF-EPN-A. Furthermore, the TF signatures enhanced in chromosome 1q-gained ependymoma top ranked Myc, E2F, and Ets family members. Interestingly, all these TFs are well known to activate hTERT expression. 29, 30, 43 Of these TFs, the gene locus for ETV3 is indeed located on 1q21-q23, one of the most frequently gained subregions in pediatric ependymomas with 1q gain. 17 Accordingly, we found higher expression of ETV3 in tumors with gain of chromosome 1q, an association also described in breast cancer. 44 This points towards a central role of ETV3 as a driver of enhanced hTERT expression in PF-EPN-A tumors with 1q gain and might be one underlying biological process for the unfavorable behavior of this subtype. According to these results, testing for 1q gain and telomerase activity might detect the same highly aggressive tumors. Whereas the detection of 1q gain by fluorescence in situ hybridization can be carried out in most routine pathologic departments, TRAP is not yet widely available. However, as telomerase reactivation seems to be a central biological feature of aggressive PF-EPN-A, additional analysis of telomerase activity might help to detect tumors with dismal outcome-all the more because other mechanisms of telomerase reactivation, such as gains of the hTERT locus at chromosome 5p, might be present.
Our analyses further reveal that activation of telomerase is a characteristic feature of ST-EPN-RELA ependymomas. Accordingly, all tumors with C11orf95-RelA fusion showed telomerase activation in a previous study. 21 Notably, also chromothripsis, characteristic for many ST-EPN-RELA genomes, has been linked to increased telomere lengths and hTERT expression in this tumor type. 45 In summary, we describe telomerase activity as a potential biomarker characterizing a more aggressive subtype within PF-EPN-A tumors, show an association of telomerase reactivation with chromosome 1q gain and RelA fusion, and explore molecular mechanisms involved in telomerase activation in these ependymoma subtypes.
